Improves Air Quality:

+ Because this practice can reduce energy usage, it can also
reduce the amount of air pollutants being emitted from
power plants.

Reduces Atmospheric CO:

= Water harvesting captures rainfall onsite, which can enable
communities to reduce the amount of water treatment
needed, in turn reducing CO, emissions from power plants.

Cultivates Public Education Opportunities:

L3

Managing future economic and environmental constraints
will require full community participation and partnership.
Green infrastructure provides an opportunity to develop
community awareness and understanding around the
importance of sustainable water resource management.

By providing educational programs through fun activities
such as rain barrel design and usage, communities can
more effectively train residents in the benefits of green
infrastructure.

(Nl © 2010 i3
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Economic Valuation Methods & Tools

Comparing the benefits of different stormwater management
practices requires a common unif of analysis. In making decisions
about infrastructure investment, the value of a given set of
possible investments is typically expressed monetarily.

One challenge inherent in valuing services provided by green
infrastructure is that many of these services are not bought
and sold. Fortunately, many technigues have been developed
in order to economically value nonmarket ecosystem services.
Nonmarket valuation methods include revealed preference
methods, stated preference methods and avoided cost analysis.

Revealed preference methods attempt to infer the value of a
nonmarket good or service using other market transactions.
Hedonic pricing, for example, assumes that the price of agood is
a function of relevant characteristics of that good and attempts
fo isolate the contribution of a given characteristic to the total
price {most commonly used with housing prices).

Stated preference methods, such as contingent valuation, ask
individuals how much they are willing to pay for a given good
or service or how much they would be willing to accept as
compensation for a given harm. These methods often assess
non-use values; for example, what is the value of a protected
wilderness for people who never see it?

(H1 © 7010

Using previous estimates from other revealed or stated
preference studies requires caution. These methods capture the
value resulting from the complexity inherent in a specific study
area. As such there is risk in applying these results to different
contexts and subsequent benefit valuations.

Finally, avoided cost analysis examines the marginal cost of
providing the equivalent service in another way. For example,
rainfall retention and infiltration can offset a water utility’s cost
to capture, transport, treat and return each additional gallon of
runoff. {Tomalty et al 2009; King and Mazzotta 2000).

Customized application of nonmarket valuation methods can be
expensive and time consuming to perform. Contingent valuation,
for example, can require conducting survey research; a hedonic
pricing study may involve extensive data assembly.

There are many existing tools available to those interested in
assessing the performance and value of green infrastructure
practices, including online calculators, spreadsheet models and
desktop software. These tools can be used as a companion to
this guide and in many cases will be able to provide calculations
with greater sensitivity to locally specific variables than those
presented here. A full list and description of these tools can be
found in Appendix A.
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QOur Framework

This guide outlines a framework for measuring and valuing green

infrastructure’s multiple ecological, economic and social benefits.

The following sections integrate existing research on the benefits

of five green infrastructure practices that are representative of

the current vocabulary of Gl in terms of applicable values and

possible benefits. These sections explore how to:

s Measure the benefits from each particular practice

®  Assign value to those benefits {in monetary terms when
possible)

The guide follows a consistent sequence when analyzing each of
the benefits defined in the previous section. This analysis allows
users to evaluate the cumulative benefits of green infrastructure
practices in a number of different benefit categories including
water, energy, air guality and climate change. The following
describes the two-step framewaork for this valuation process.

Step 1: Quantification of Benefits

itis first necessary to define a resource unit for the given benefit.
For example, when evaluating energy benefits, the resocurce
units are kilowatt hours {kWh) and British thermal units {Btu).
Once the resource units are determined, the guide outlines the
process for estimating the level of benefit for each practice. Step
1 concludes with an estimate of the total resource units received
from a given benefit.

Step 2: Yaluation of Quantified Benefits

in this step, values for each benefit are determined based on the
resource units from the previous step. The method for transiating
resource units into a dollar figure differs for every benefit category.

For example, the average cost of a kilowatt hour of electricity
provides the direct cost saving value of reduced energy use. Because
these values are extremely location and site specific, it is beyond
the scope of this guide to demonstrate all parameters and local
values. Examples demonstrated in this section illustrate the process
necessary for determining the accrued value of greeninfrastructure
implementation. Resources and guidance are provided where
possible to help tailor these estimates to local projects, however
much of the localized information must be gathered by the user.
Flease note, given the current state of valuation research, this step
has not been addressed in the following benefit sections:

= Urban Heat Island = Habitat

s  Community Livability s Public Education

Even if no monetary value can be assigned, these services
provide valuable benefits which are still worth recognizing in a
broader assessment of infrastructure investments.

it is important to keep in mind that the methods described here
face a number of limitations. Although the discussion will focus
on benefits, estimating the net value of a project would require
a comparison of the net benefits compared to the lifecycle cost
of constructing and maintaining a given green infrastructure
practice. While life cycle cost analysis is beyond the scope of this
guide, the Green Values™ Calculator {CNT 2009) can describe
the relative cost of the green infrastructure practices {using cost
data information through 2009).

Finally, several benefits face uncertainties about both spatial and

temporal scale. The “Considerations and Limitations” section at
the end this guide further addresses these and other concerns.

(Nl © 2010
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The figure below is an illustrative example of the process for valuing the Climate Change benefit section of green infrastructure.
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asurement and Voluation

STEP 1 - GUANTIFICATION OF BENEFIT:

REDUCED STORMWATER RUNOFF

The first step in valuing the water benefits from green
infrastructure is to determine the volume of rainfall {in galions)
retained on site; this volume becomes the resource unit for
all water benefits. When working through the calculations,
keep in mind that some of the ranges given are based on the
compilation of multiple cases studies and there may be more
site-specific numbers to plug into the given equations. Where
possible, the guide will suggest strategies for determining site-
specific information.

Practices that provide water benefits include green roofs,
permeable pavement, bioretention and infiltration, trees and
water harvesting.

GREEM ROOFS

To gquantify the stormwater runoff retained from green roofs, it
is necessary to know the following information:

s Average annual precipitation data {in inches) for the site

s Square footage of the green infrastructure feature

e Percentage of precipitation that the feature can retain

The highly site-specific variables influencing the percentage of

annual rainfall that a green roof is capable of retaining, listed

below, are important considerations:

* The most important variable influencing the runoff reduction
performance of the green roof is the depth of the growing media.
The deeper the roof, the more water retained in the media.

= The growing media’s antecedent moisture content will
influence stormwater retention for any given storm event,
This means that irrigation practices and storm frequency
affect overall performance.

e Local climate variables also influence stormwater retention
performance. For example, hotier, less humid climates lead
to less antecedent moisture and more stormwater retention
capacity.

= All else being equal, flat roofs retain more stormwater than
sloped roofs.

e Size and distribution of storm events affect total
stormwater retention. For example, holding the retention
rate and annual precipitation constant, a green roof in a
place with many small storms retains a greater percentage
of the total rainfall than a green roof in a place with fewer,
larger storms.

The following equation relies on two conversion factors. The
144 sq inches/square foot {SF) will convert the precipitation over
a given area into cubic inches. Then, the factor of 0.00433 gal/
cubic inch {i.e. the number of galions per cubic inch) will convert
that volume of precipitation into gallons, which is needed 1o
guantify the amount of runoff reduced.

Empirical studies of greenroof stormwaterretention performance
have found that green roofs can retain anywhere from 40 to 80
percent of annual precipitation. The calculation in Example 1.1

(Nl © 2010
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uses the average of this range, or a 60 percent retention rate, to
demonstrate a mid-range performance number:

Example 1
Agreen mﬁ‘? ?h an ares of 5,000 5F using 5 80% retention rats,
will reduce annual runcff in Chicago, B as follows:

F38.07 inches onnugl precipitotion ™ 5,000 3F greg ¥ 080
retention rote] ¥ 144 s inches/5F % 0.00433 golfcubic inch =
FLA00 gollons of runaff reduced onnually

TREE PLANTING

Water interception estimates, determined on a per tree basis,
are needed to calculate the amount of stormwater runoff
reduced from a given project. Therefore, it is necessary to know
the number of trees being planted and their size and type. For
example, the larger leaf surface area on one kind of tree will
intercept more rainfall than will a smaller tree or leaf. In addition,
the rate at which trees intercept rainfall is significantly impacted
by a site’s climate zone, precipitation levels and seasonal
variability, which affects evapotranspiration rates.

The Center for Urban Forest Research of the US Forest Services,
utiizing its STRATUM maodel, has compiled a set of Tree Guides
that take into account many of these factors and estimate the
level of benefits provided by trees:

hitpe/ S s fadus/osw/fprograms/ouiv firee suides.php

These guides are organized by STRATUM climate zone which can

be determined from the map provided at:
htm S fwww B fed us/oew/orograms/oufrimagesines manipg

i8 (H1 © 7010

Table 1.1
Annual Roinfall interception in Gallons from 1 free,
40-year average, Midwest Region

| Rainfall

| Interception 292 gallons

1,128 gallons | 2,162 gallons

Source: McPherson, E. ef of. (2006]).

Once the cdimate zone is determined, the tables in the tree
guides’ appendices are structured according to size of tree, with
an example tree type provided. Average annual volume of rainfall
interception can then be estimated based on these factors on a
per tree basis. Table 1.1 provides an example of this information.

Using these values, the following eguation provides an estimate
for the volume of runoff intercepted on site:

Example LR
This sxample demonstrates the annual reduction inrunoff vislded
from planting 100 mediur rad caks in the Midwest Begion,

108 medimm trees T 11238 golftree » 115,800 gollons of runoif
reduced annuoily
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BIORETENTION AND INFILTRATION

Well-designed bioretention and infiltration festures capture

alt or nearly all of the precipitation which falls on the feature

and its related drainage area. However, in an urban context,

the percentage of rainfall that these features can accommodate

depends on available square footage and locally determined

maximum ponding times. Determining a more site-specific

performance measure requires complex hydrological modeling.

The equation for determining the capacity of a bioretention

feature requires the following information:

s Area and depth of the bioretention feature

® Relevant drainage area contributing runoff to the infiltration
area

* Average annual precipitation data {in inches)

s Expected percentage of retention

These variables also affect the feature’s retention percentage:
s Rainfall amount and distribution

& Site irrigation practices

s Temperatures and humidity

s Soil infiltration rate {based on soil type)

The following equation provides a simplified estimate of the
potential volume of runoff captured using bioretention and
infiltration practices:

Example L&

A site in Chinago, L that retains 80% of stormwater runoft, with
ar infiftration ares of 2,000 square Teet and 2 dreinags area of
4,000 sguars feet, reduces the volume of runoif as follows:

FRB.00 inches annugl precipiiotion P {3000 $F + 4800 5F ¥ (.80
retention rote] * 144 sg inches/SF ¥ 00433 gollons/oubln Inch
w LEE e gollons of runolf reduced onnually

PERMEABLE PAVEMENT

To quantify the water retained from permeable pavement, it is

necassary to know the following information:

s Average annual precipitation data {in inches) for the site

s Square footage of the green infrastructure feature

e Percentage of precipitation that the feature is capable of
retaining

Depending on the intensity of the precipitation event, studies

have shown that pervious pavement can infiltrate as much as 80

1o 100% of the rain that falls on a site {Booth et al 1996; Bean et

al 2005; MMSD 2007; USEPA and LID Center 2000). Example 1.2

uses the lower end of this range, or an 80% retention rate. To

find a more site-specific percentage, the following factors must

be considered:

« Slope of the pavement —flat surfaces typically infiltrate more
water

« Spil content & aggregate depth below pavement

e Size and distribution of storm events

e« infiltration rate

*+  Frequency of surface cleaning

(Nl © 2010
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The following equation quantifies the total amount of runoff
that a given permeable pavement installation can reduce
annually. As with the bioretention and infiltration calculations,
the percentage of rainfall that these features can accommodate
depends on available square footage and locally determined
maximum ponding times:

Exomple T

A permeable pavement feature with an ares of 5,000 5F using
an 808 retention rate, will reducs annual runoff in Chicageo, HL
as follows:

FAR.83 inches onnugl precipBiotion % 5000 3F areg 7 080
retention rote] ¥ 144 s inches/SE ¥ Q00453 golfoublc Inch =
B BG0 gollons of runolf reduced onnually

WATER HARVESTING

Benefits from water harvesting are based on the volume in

gallons of stormwater runoff stored onsite. To determine this

volume, the following information is necessary:

+« Average annual precipitation data {in inches)

¢ Rainfall intensity

*  Size of the water-collecting surface {in square feet)

* Capacity for temporary water storage and release

= Frequency of harvested water use for building needs,
irrigation or evaporative cooling (e.g. whether the captured
rainwater is used before a subsequent rain event)

(H1 © 7010

For every square foot of roof collection area, it is possible to
collect up to 0.62 gallons of runoff per inch of rain with perfect
efficiency. However, an efficiency factor of 0.75-0.9 is included
in the equation to account for water loss due to evaporation,
inefficient gutter systems and other factors (Texas Water
Development Board 2005).

Applying the following formula provides a basic understanding
of how much rainwater could be captured by this practice, both
for site specific measurement as well as a cumulative calculation
across a community or region.

Example L.5:

The following sguation Hustrates how o determine the capacity
of o watsr harvesting practice using amual rainfall dats for
Chicago, Hi:

38.0% mches nonund rofnfall 7 L0008 55 of surfoce © 144 sy

inches/SF ¥ 00435 golfcebic inch ™ 085 collection efficiency =
FO 145 gollons coplured onnusily

After estimating the gallons of stormwater a particular site and
practice can retain {i.e. the total resource units), this information
should be used in Step 2.
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STEP 2 - VALUATION OF QUANTIFIED BENEFITS:
REDUCED STORMWATER RUNOFF

The valuation process in the “Water” section is divided into the
foliowing four subsections and outlines each separately:

« Reduced Water Treatment Needs

Reduced Grey infrastructure Needs

Improved Water Quality

Reduced Flooding

®

®

®

Methods for valuation will only be provided in the “Reduced
Water Treatment Needs” and “Reduced Grey Infrastructure
Needs” subsections. The other two sections discuss benefits
and current research, but they do not present a formal valuation
method, given the amount of varying factors required to value
these benefits.

Reduced Water Treatment Needs

For cities with combined sewer systems {CSS), stormwater
runoff entering the system combines with wastewater and flows
to a facility for treatment. One approach o value the reduction
in stormwater runoff for these cities is an avoided cost approach.
Runoff reduction is at least as valuable as the amount that would
be spent by the local stormwater utility to treat that runoff. In
this case, the valuation equation is simply:

Example L

The Metropolitan Water Reclamation District of Greater Chicago
has o marginal cost of treating s wastewater and stormwater of
SOO0001Y per pallon (ONT 2000) Using Bampls 1.1, in which
tha 5000 5F green roof provided a runoff reduction of 71,100
gations, the annusl avoided cost for water trestment associated
with this site becormes:

FLIGE goilons ¥ 300000819 /polion = $6.53 in onnugl ovolded
treetment cosks

Keep in mind, the figure from this example is a single unit that can
be aggregated fo a larger scale, demonstrating the cumulative
benefit that can be achieved within a neighborhood or region.
Additionally, avoided cost approaches inevitably underestimate
the full value of an ecosystem service. As such, this figure should
be considered a lower bound for the monetary value of reduced
stormwater runoff. More locally specific treatment costs are
available from local water treatment utilities.

. Reduced Grey Infrastruciure Needs

L | Green infrastructure practices can reduce the volume
of water needing treatment as well as the level of treatment
necessary. Therefore, utilizing these practices can reduce
the need for traditional or grey infrastructure controls for
stormwater and combined sewer overflow {CS0) conveyance
and treatment systems, including piping, storage and treatment
devices. Similar to the approach taken in other sections of this
guide, the value of reducing grey infrastructure derives from the
benefits transfer method of avoided costs resulting from the
use of green infrastructure. While the case studies below give
examples of how these costs can be compared, it is beyond the

(Nl © 2010
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scope of this guide to determine exact cost savings. This is due to
the many site-specific variables that effect the monetary values
involved, such as soil types, rainfall distribution patterns, peak
flow rates and {ocal materials costs.

One method of assessing avoided grey infrastructure costs
when using green infrastructure practices is demonstrated by
a case study in Portland, Oregon. In this study, the Bureau of
Environmental Services estimated that it costs the city 52.71/
SF in infrastructure costs to manage the stormwater generated
from impervious areas {Fvans 2008). The city uses the following
equations to estimate the resulting avoided cost savings:

Please note, while the typical resource unit used within this
“Water” section is gofions of stormwater retained, this particular
benefit instead considers percent of stormwater retained.

Example 1.7

Using Portland, Twe. a5 an example, & 5000 SF conventionsl
root would have o ons-time sxpenditure of S13,550. However,
by utiizing & gresn roof, which i this particular study has been
shown 0 retein 56 peresnt of runcoll, Portland can sxpect an
avoided cost savings of 57,588

SR FIEE Y B ODUSE = S1R.550 in tovad conventiongl expendiure
EIZEEG ¥ 58% = §7, 588 ovoided cost sovings

(H1 © 7010
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Another study, in the Blackberry Creek watershed near Chicago,
Hinois, estimated the benefits attributable to green infrastructure
practices resulting from avoided costs of infrastructure that
would have been needed to control reduced peak discharges
{Johnston, Braden and Price 2006). The study found that, based
on Federal Highway Department pipe sizing requirements,
reduced peak discharges within their low impact development
scenario resulted in a downstream benefit of 5340 per developed
acre. This is an initial cost savings; performing a life-cycle cost
analysis would better demonstrate long-term monetary benefits.
The calculations for this method are dependent on access to the
following variables and results are best determined through the
use of hydrologic modeling:

e Peak flow rates

s  Allowable ponding time

s Pipe size requirements

In the case of Seattle’s Street Edge Alternatives {(SEA) project,
which utilizes bioswales to capture and treat stormwater runoff,
Seattle Public Utilities found that bioretention combined with
narrowing the roadway, eliminating the traditional curb and
gutter, and placing sidewalks on only one side of the street
garners a cost savings for the city of 1525 percent, or $100,000~
$235,000 per block, as compared to conventional stormwater
control design {SPU). Additionally, Seattle Public Utilities has
identified cost savings in terms of the life span of the project;
SEA streets are designed to improve performance as plantings
mature, whereas traditional systems fend to degrade over time
{Wong and Stewart 2008).

mproved Water Quality

i Using green infrastructure for stormwater management
can improve the health of local waterways by reducing erosion
and sedimentation and reducing the pollutant concentrations in
rivers, lakes and streams. These effects, in turn, lead o improved
overall riparian health and aesthetics—indicators of improved
water quality and channel stabilization.

The impacts of green infrastructure on water guality, while well
documented, are too place-specific to provide general guidelines
for measurement and valuation. The water quality improvements
associated with green infrastructure, furthermore, are not of
sufficient magnitude to be meaningful at the site scale. This
benefit, therefore, is best evaluated in the context of watershed-
scale green infrastructure implementation, accompanied by
hydrologic modeling, to estimate changes in sedimentation and
poliutant loads resulting from a green infrastructure program.

Regulators measure water quality in a variety of ways. Damaging
pollutants carried by stormwater runoff typically include nitrogen,
phosphorous and particulate matter. Water quality monitors can
measure concentrations of dissolved nitrogen and phosphorous,
as well as total suspended solids {T58), usually in milligrams
per liter. In economic valuations, water clarity is often used as
a proxy measure for water guality. While only an approximate
measure, water clarity strongly correlates with the presence of
phosphorous, nitrogen and TSS poliution. Suspended particulates
directly decrease water clarity, while high concentrations of
nitrogen and phosphorous lead to eutrophication—a process
whereby increased nutrients in waterways lead to algae blooms
which cloud the water and decrease dissolved oxygen. In
extreme cases, eutrophication can lead to hypoxic conditions,
characterized by the absence of sufficient oxygen to support any

(Nl © 2010
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animal life. Water clarity is typically measured using the Secchi
disk test, in which a black and white patterned disk is lowered
into the water until no longer visible; this depth is considered
the water clarity depth.

Previous research has applied a benefits transfer approach to
quantify the expected improvement in water clarity resulting
from a green infrastructure program. Several hedonic pricing
studies estimated the impact of water clarity changes on
lakefront property values. Studies in Maine and New Hampshire
have estimated implicit marginal prices for a one meter change
in water clarity ranging from 51,100 to 512,938 per lakefront
property {Gibbs et al 2002; Boyle et al 1999; Michael et al 1996},
A hedonic pricing study of the St. Mary’s River Watershed in the
Chesapeake Bay estimated home price impacts of water quality
changes not merely for waterfront properties but for the entire
watershed. it found marginal implicit prices for changes of one
milligram per liter in total suspended solids (TS5} concentration
of $1,086 and in dissolved inorganic nitrogen {(DIN) concentration
of 517,642 for each home in the watershed (Poor et al 2007).

Reduced Flooding

By reducing the volume of stormwater runoff, green
infrastructure can reduce the frequency and severity of flooding.
The impact of green infrastructure on flooding is highly site and
watershed specific, and thus this guide does not provide general
instructions for quantifying the reduction in flood risk resulting
from a green infrastructure program.

There are several ways to assess the value of reduced flood
risk provided by green infrastructure practices on a watershed-
scale once the risk impacts have been modeled. Some studies

(H1 © 7010

use hedonic pricing to examine how flood risk is priced into real
estate markets; others use the insurance premiums paid for flood
damage insurance as a proxy for the value of reducing the risk
of flood damage; others take an avoided damage cost approach
and still others have employed contingent valuation methods.
The most robust literature on the economic valuation of flood
risk uses hedonic pricing methods to investigate the housing
price discount associated with floodplain location. Most of
these studies estimate the impact on residential home prices
of locations inside or outside of the 100-year floodplain. Those
considering implementing a green infrastructure program who
are able to model resulting changes in floodplain maps—in
particular, to identify the area where annual flood risk is greater
than one percent and can be reduced to less than one percent
through the use of green infrastructure—can apply the results of
these studies to get an estimate of the range of value provided
by green infrastructure’s flood risk reduction impact.

Until recently, hedonic price studies have found that homes
within the 100-year floodplain are discounted between two
and five percent compared with equivalent homes outside the
floodplain (Braden and lohnston 2004; Bin and Polasky 2004;
MacDonald et al 1990; Harrison, Smersh and Schwartz 2001;
Shilling, Benjamin and Sermins 1985; MacDonald, Murdoch and
White 1987).

in recent vyears, hedonic pricing techniques have evolved
to recognize that hazard risk may be correlated with spatial
amenities or disamenities. In the case of flooding, a correlation
exists between proximity to waterways and flood risk. Studies
that fail to disentangle this correlation will likely underestimate
the amount that flood-prone properties are discounted in the
marketplace and thus underestimate the value of flood risk
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reduction. One study applied these new techniques to account
for the correlation of flood risk and coastal amenities and found
that homes in the 100-year floodplain were discounted an
average of 7.8 percent compared to equivalent homes outside
the floodplain (Bin, Kruse and lLandry 2008). Therefore, we
recommend that users of this guide apply the 2-5 percent range
as a conservative estimate of the value of flood risk reduction.

US Census Summary File 3! provides median home price data
and the number of owner-cccupied housing units at the block
group level.

An example application of this method can be found in a study
on green infrastructure implementation in Blackberry Creek
Watershed in Kane County, Hlinois {Johnston, Braden and Price
2006). The authors used the USEPA's Hydrologic Simulation
Program—Fortan to model the difference in peak flows of
a green infrastructure versus a3 conventional development
scenario. They then input their peak flow results into the Army
Corps of Engineers’ Hydrologic Engineering Center River Analysis
System and found that conventional development would add
50 acres to the floodplain compared to development using
green infrastructure for stormwater management. Applying an
anticipated density of 2.2 units/acre and the census bureau’s
reported median home value of $175,600, the study then used
the benefits transfer approach to estimate a range of values for
flood risk reduction. Using a range of 25 percent property value
increase for removal from the floodplain yields total benefits
of between $391,600 and $979,000 for the flood risk reduction
impact of the green infrastructure scenario.

LS Census Bureau. American Factfinder: g Hindercensus.govihome/saff/mainbimi?_lang=en
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easurement and Voluation

ETEP 7 - QUANTIFICATION OF BENEFIT:

REDUCED EMNERGY USE

The first step to valuing the benefits of reduced energy use is
determining the amount of energy saved by each practice. This
section guantifies the benefit of energy savings in terms of
kilowatt hours (kWh) of electricity and British thermal units {Btu}
of natural gas reduced.

Practices that reduce building energy use include green roofs
and trees. In addition, green infrastructure can reduce off-site
energy use by preventing runoff and by reducing the demand for
potable water. Both of these benefits lead to a decrease in water
tfreatment needs, thereby lowering energy use at treatment
facilities. Because facility energy costs are incorporated into the
cost of treatment, direct energy cost savings have already been
captured. Thus, this section will not value the energy benefit
from reduced water treatment, as this would result in double
counting.

However, benefits from reduced treatment-plant energy use go
above and bevyond direct cost savings. This guide will provide
methods for estimating the indirect benefits of reduced energy
use from both air quality improvements and reduced climate
change impacts. Therefore, refer to the “Air Guality” and
“Climate Change” sections to quantify these.

GREEN ROOFS

When considering to what degree green roofs reduce building
energy use, it is important to keep in mind that heat flux through
the roof is only one of many factors influencing building energy
consumption. A dramatic improvement in energy performance
from green roofs compared to conventional roofs may have only
a small impact on overall building energy use. That said, to pro-
vide a simple estimate of building energy savings, the suggested
method treats green roofs as insulation and assumes that a re-
duction in heat flux translates directly into energy savings {Clark,
Adriaens, and Talbot 2008). Equations for both cooling and heat-
ing savings can be derived as follows:

Therefore, the main pieces of information necessary for this cal-
culation are the average degree days (both cooling and heating)
and the AU, which will be calculated from R-values {(for both the
green roof and a conventional roof with which to compare it).
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Determining Cooling and
Heating Degree Days (°F days)

The EPA defines Cooling and Heating Degree Days as follows:

“Cooling degree days are used to estimate how hot the climate is
and how much energy may be needed to keep buildings cool. CDDs
are calculated by subtracting a balance temperature from the mean
daily temperature, and summing only positive values over an entire
vear. The balance temperature used can vary, but is usually set at
65°F {18°C), 68°F (20°C), or 70°F (21°F).

Heating degree doys are used to estimate how cold the climate
is and how much energy may be needed to keep buildings warm.
HDDs are calculated by subtracting the mean daily temperature
from a balance temperature, and summing only positive values
cver an entire year. The balance temperature used can vary, butis
usually set at 65°F {18°C}, 68°F (20°C), or 70°F {21°F).”

hitp:/ Swww epa. govihirifresources/glossary. lim

To assign values for cooling and heating degree days, this guide
recommends using the cooling and heating degree day "Normals”
from the National Climatic Data Center of the National Oceanic and
Atmospheric Administration.
hitp:/Siwlncdenoaa.govioaldocumentlibrary/hesfhes.himi

Determining R-Values and AU

According the USEPA, “R-volue or ‘thermal resistance value’ is a
measure of the resistance of a material to heat flow. The term is
typically used to describe the resistance properties of insulation.
The higher the R-value, the greater the insulation's resistance to
heat flow.”

b/ Swww epa. gov/hiri resources/glossary. him

R-values are reported in the units of sguare feet * degrees Fahren-
heit * hours per British thermal unit {SF * °F * hrs/Btu).

The U-value, or the overall heat transfer coefficient, is defined as
the inverse of R. Therefore, to find the AU, R-Values for the given
conventional and green roof are necessary. Clark, Adriaens and Tal-
bot (2008} provide a valuable explanation for estimating R-values
for conventional roofs as well as green roofs hased on media depth
{p. 2,156). For illustrative purposes, the subsequent example uses
default values as follows:

For conventional roofs: R = 11.34 SF * °F * hrs/Btu
For green roofs: R= 23.4 5F * °F * hrs/Btu
{Clark, Adriaens, and Talbot 2008}

(Nl © 2010
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Example 3 h
In this example, the annual cooling savings {kKWh) of a 5,000 5F green roof in Chicago, L is calculated as follows:

702 Fdays wx 240 o o B | S N | [— cooling sovings
clay 11.24°3FFhes T3ATF R
e Bt o , .
TOBARF T hes o1 M = annvet cooling sovings
113455 Fhea 23 ATSEF by
14,848 By 14,8488 " .
---------------------------------------- e g30eR300Y cooling sovings
P1.34 58 23,4 5
1,485.77 B 720 B X .
ST T o 1T = annuof cooling sovings
Sh SF
TEETIBRSE & annuel cooling sovings

I order to find how cooling savings resufts in electricity savings {(KWh), the Bru units should be converted to kWh using the conversion
rate of 1 kWh/3412 Btu. By converting Bty to kWh, annual cooling savings becomes:

e H = 0.2244K00WH/SF = annuel cooling sovings

Thus, for the 5,000 SF green roof, annual electricity cooling savings is: 5,000 8F * 0.2244 kwh /8F = 1,122 kwh
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Example 1k
i this example, the annual heating savings {Bru} of a 5,000 5F green roof in Chicago, . is caleulated as follows:

8,830 davs x “/‘“?Em x By N I annual heoling sovings
Gy 1134755 F s 2RAGFFhys
T e » B B . .
TG IR0 T hes xS bbb BR N nnwed heating sovings
VE34°88 Fhrs 23 4MSF s
159,120 B 159, 1208 X ;
= gwinwved hooting savings
1134 5F F345F
1403175 By &, 804 Bay . .
- = annual heoling sovings
3F SF
TRNTEBSTE o gnnual heoling sovings

Since the assumption here is that heating is provided by natural gas, the annual heating natural gas (Btu) savings for the 5,000 5F green roof is:

3 &F ¢ 723175 Bru/SF = 36,158,750 Blu
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The actual benefits realized in terms of energy savings due to the
implementation of a green roof will be significantly impacted by
the following variables:

+ Growing media composition, depth and moisture content

*  Plant coverage and type

+ Building characteristics, energy loads and use schedules
Local climate variables and rainfall distribution patterns

®

TREE PLANTING

Many variables affect the ability of trees to reduce energy use in
neighboring buildings. Perhaps thelargest determinantis climate
zone. Shading buildings in cool regions can actually increase
energy demand, while reducing wind speeds in warm regions
will have little to no impact. As the two following examples
show, the location of tree plantings relative to buildings also
plays a critical role in determining the level of henefits. Climate
zone and building aspect must be considered in conjunction to
realize the greatest building energy reduction benefits. The size,
and therefore age, as well as the type of tree also significantly
impacts the level to which trees evapotranspire, provide shade
and act as windbreaks.

The Center for Urban Forest Research of the US Forest Service
using its STRATUM model, compiled a set of Tree Guides that
take into account many of these factors and estimate the level of
benefits provided by trees:

hitp:/ fwww fs.fed us/psw/programs/eufr ftree_guides.php

These guides are organized by STRATUM climate zone which can
be determined from the map provided at:

(H1 © 7010

Once the climate zone is determined, the tables in the tree guides’
appendices are structured according to size of tree {with an
example tree type provided) as well as the location of the tree with
respect to buildings. Average reductions in building energy use can
then be estimated hased on these factors on a per tree basis.

As an example, Tables 2.1 and 2.2 show the 40-year average
electricity and natural gas savings from trees in the Midwest Region.

Table 2.1: 40-year Average Electricity Savings from
Trees in the Midwest Region

Small tree: Crabapple ! |

(22 ¢ tah, 21 7 spread) 36 kwh 54 kwh 68 kWh 48 kWwh
Medivm tree: Red Ook

(40 ft tall, 27 ft spread) 191 kwh 99 kWh 131 kWh |67 kWh
Large tree: Hockberry .

(47 Ft tall, 37 ft spread) 268 kWh (183 kWh (206 kWh 136 kWh

Sovres: McPherson, E. et o, 2006

Table 2.2: 40-year Average Natural Gas Savings from
Trees in the Midwest Region

Small tree: Crobapple
(22 # tall, 21 ft spread) 1,334 kBtu 1519 kBtu

1,243 kBtu | 1,534 kBtu

Medium tree: Red Oak

(40 # tall, 27 ft spread) 1,685 kBtu (-316 kBtu

1,587 kBtu {2,099 kBtu

lorge tres: Hockberr
(17 Dl 37 amrendy || 3,146 KBtu 12,119 kBtu | 3,085 kBtu |3,430 kBtu

Source: McPherson, E. of of. 2006
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